In this study, anti-mildew activities of the essential oils of the leaves, wood, twigs, flowers, and their constituents from Michelia compressa var. formosana were evaluated in vitro against 7 mildew fungi. The main compounds responsible for the anti-mildew activities were isolated and identified. The essential oils from the fresh leaves, wood, twigs, and flowers of M. compressa var. formosana were isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS. The essential oil yield from the flowers was the highest, and the oils obtained from the 4 parts of the tree were composed mainly of sesquiterpenoids. The leaf oil consisted primarily of -cadinol (18.9%) and germacrene D (18.5%); the twig oil's main constituent was cadinol (19.1%); the wood oil's major components were -cadinol (25.7%) and β-eudesmol (20.2%); and the flower oil contained -cadinol (11.4%). Comparing the anti-mildew activities of the oils suggested that wood oil was the most effective. Further fractionation of the wood oil produced -cadinol, βeudesmol, τ-cadinol, and elemol. The 4 compounds exhibit very strong anti-mildew activities, and these in descending order are -cadinol, elemol, β-eudesmol, and τ-cadinol. For the anti-mildew activities of the wood oil, the active source compounds were determined to be -cadinol, elemol, β-eudesmol, and τ-cadinol.
The warm and humid island type climate of Taiwan is rather conducive to the growth of molds and mildews; hence they are prevalent in these environments. Molds are microorganisms mostly belonging to advanced Ascomycota and Basidiomycota in the phylum of fungi. Presently, the known molds number 60 to 80 thousand. Many of them play a cleaning role in the global ecosystems; they also contribute to the making of fermented food and medicines. They are not without contribution to humans either, for instance, the earliest antibiotic, penicillin, was derived from a blue mold. However, there are also numerous molds that are harmful. Certain mycelia produce mycotoxins which endanger human health and also contribute to degradation of building materials, fabrics and paper-based cultural items [1a,1b] . There are many anti-mildew methods such as using dry heat, moist heat, infrared, ultraviolet, microwave and radioactive irradiations, in addition to the more commonly used chemical fungicides. However, these chemicals may cause secondary environmental pollution. Thus, in recent years, scientists began looking at plant essential oils and other naturally produced chemicals as fungicides. For instance, the main ingredients in the leaf essential oil of Eucalyptus citriodora, citronellal and citronellol showed total inhibition of fungal growth of Chaetonium globosum and Myrothecium verrucaria [1c] .
Plants of the Magnoliaceae family are trees or shrubs, and there are 12 genera and 200 plus species, mostly distributed in the temperate zone of the Northern Hemisphere. In Taiwan, only trees of Michelia and Magnolia are found. All Michelia species are known to have fragrant odors, and certain species possess bioactivities [2a] . M. compressa var. formosana (Kanehira) Masamune & Suzuki is endemic to Taiwan and mostly distributed at elevations between 100 to 1800 m. It is an evergreen, large tree and a grade I broadleaf timber species. Only 4 other species belong to this prestigious grade, suggesting that it is one of the best timber species. The wood has traditionally been used for furniture, construction, farming implements, carving, and handles [2b]. A previous research report has suggested that its extractive exhibited cytotoxicity [2c], but there is no literature report on the chemical composition and biological activity of essential oils from this species. Therefore, we used hydrodistillation to collect the leaf, wood, twig, and flower oils, and analyzed these using GC/FID and GC/MS. The second part of the study examined the anti-mildew activity of the leaf, wood, and flower oils. The purpose of this study was to establish a chemical basis for the effective multipurpose utilization of the species.
Based on the dry weight of the leaves, twigs, wood, and flowers, hydrodistillation of M. compressa var. formosana produced yellow oils with yields of 1.05 ± 0.03, 0.98 ± 0.01, 0.95 ± 0.02, and 1.36 ± 0.02 mL/100 g, respectively. All compounds are listed in order of their elution from the DB-5 column (Table 1 ). Seventy-one compounds were identified from the hydrodistilled leaf oil with sesquiterpene hydrocarbons predominant (46.6%), followed by oxygenated sesquiterpenes (42.4%), oxygenated monoterpenes (7.1%), and monoterpene hydrocarbons (3.8%). Among the oxygenated sesquiterpenes, -cadinol (18.9%), β-eudesmol (5.3%), and caryophyllene oxide (5.2%) were the major compounds, and of the sesquiterpene hydrocarbons, the chief ones were germacrene D (18.5%), β-caryophyllene (10.7%), and β-elemene (5.7%).
In the twig oil, we identified 70 compounds, of which oxygenated sesquiterpenes were predominant (54.9%), followed by sesquiterpene hydrocarbons (34.8%), oxygenated monoterpenes (5.7%), monoterpene hydrocarbons (4.5%), diterpenes (0.1%), and non-terpenoids (0.1%). The chief oxygenated sesquiterpenes were -cadinol (19.1%) and β-eudesmol (7.9%).
Thirty-one components were identified in the wood oil; oxygenated sesquiterpenes were predominant (81.6%), followed by sesquiterpene hydrocarbons (12.1%), oxygenated monoterpenes (5.2%), non-terpenoids (0.7%), and diterpenes (0.4%). The major oxygenated sesquiterpenes were -cadinol (25.7%), β-eudesmol (20.2%), elemol (8.9%), and τ-cadinol (5.5%). In the flower oil, we identified 52 compounds, of which sesquiterpene hydrocarbons were predominant (72.3%), followed by oxygenated sesquiterpenes (25.2%), oxygenated monoterpenes (1.1%), monoterpene hydrocarbons (1.0%), diterpenes (0.3%), and non-terpenoids (0.1%). Of the sesquiterpene hydrocarbons, β-elemene (33.9%), germacrene D (9.7%), and β-caryophyllene (6.8%) were the chief compounds, whereas of the oxygenated sesquiterpenes, -cadinol (11.4%) was the primary component. The essential oils from the various parts of M. compressa var. formosana were mainly sesquiterpenoids. The oils from the leaves and flowers were primarily sesquiterpenoid hydrocarbons, whereas the oils from the twigs and wood were essentially oxygenated sesquiterpenoids. This work is the first study on the essential oils of M. compressa var. formosana.
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When conducting anti-mildew experiments, representative fungal species are usually chosen. Thus, in accordance with the Chinese National Standards (CNS) of Taiwan, ASTM of the USA and JIS of Japan, 7 fungi were chosen, viz. Aspergillus clavatus, A. niger, Cladosporium cladosporoides, Ch. globosum, M. verrucaria, Penicillium citrinum and Trichoderma viride. These are either pathogens causing liver cancer, liver cirrhosis, dysfunction of circulatory organs, diseases of genitalia or inducing allergies and asthma in humans or degrading cellulosic materials, paper, leather and wood products. Figure 1 shows the anti-mildew indices of the essential oils of the 4 parts of M. compressa var. formosana. At an equal essential oil concentration of 500 μg/mL, the wood essential oil showed the highest anti-mildew bioactivity, followed by twig, leaf, and flower oils in a descending order. At 500 μg/mL, the wood oil completely inhibited the growth of A. niger, Cl. cladosporioides, Ch. globosum, M. verrucaria and P. citrinum In order to evaluate the half inhibition concentrations (IC 50 ) of the 4 essential oils, the anti-mildew indices of the oils vs. fungi underwent regression analysis. The results are shown in Table 2 . The IC 50 of the wood oil against the 7 fungi was between 30.5 and 158.3 μg/mL; that of the twig oil was between 80.3 and 383.5 μg/mL; for leaf oil it was > 500 μg/mL for T. viride, and between 169.8 and 482.0 μg/mL for the rest of fungi; the IC 50 of the flower oil for A. clavatus, A. niger, P. citrinum, and T. viride were > 500 μg/mL, and between 389.9 and 458.9 μg/mL for the 3 remaining fungi. Summarizing the above, the anti-mildew tests indicate that the wood essential oil of M. compressa var. formosana has the strongest anti-mildew activity with twig and leaf oil following, and flower oil the least. Thus, wood oil was singled out for further examination of its ingredients. Flower >500 >500 >500 >500 400.8 >500 389.9 >500 458.9 >500 >500 >500 >500 >500 Figure 2 : Anti-mildew activities of WO1-WO7 fractions (100 μg/mL) against 7 mildew fungi. Each experiment was performed 5 times and the data averaged (n=5). Note: A. c.: Aspergillus clavatus; A. n.: A. niger; Ch. g.: Chaetonium globosum; Cl. c.: Cladosporium cladosporoides; M. v.: Myrothecium verrucaria; P. c.: Penicillium citrinum; T. v.: Trichoderma viride. Column chromatography of the wood essential oil was undertaken using n-hexane (n-hex) and ethyl acetate (EA) in different proportions as eluents; seven fractions were obtained (WO1 to WO7). Separate anti-mildew tests were carried out using the 7 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 fractions, with an anti-mildew drug, nystatine used as a control at concentration of 100 μg/mL. The results are shown in Figure 2 . The WO4 fraction was shown to have the best anti-mildew efficacy with the highest indices against the 7 fungi. Among the fungi, A. niger, Cl. cladosporioides, Ch. globosum, M. verrucaria and P. citrinum were completely inhibited by the fraction. As the above procedure had proven that WO4 exerted the best anti-mildew efficacy, we proceeded to isolate individual compounds from the fraction using silica gel chromatography and HPLC. The results are shown in Table 3 . Eight compounds were identified from the WO4 fraction. Among them, -cadinol (40.5%), β-eudesmol (31.8%), elemol (15.6%), and τ-cadinol (8.8%) in descending amounts were detected. WO4 of M. compressa var. formosana wood oil was the most effective in inhibiting mildew fungi. Accordingly, we continued to isolate compounds from sub-fraction WO4 using HPLC. Four sesquiterpenes (-cadinol, β-eudesmol, τ-cadinol, and elemol) were isolated and identified by spectral analyses. To understand which compound among the components was responsible for the efficacy, the four compounds were individually applied to test their antimildew activities.
Furthermore, we used the four compounds to conduct anti-mildew tests against the seven fungi. The results are shown in Figure 3 . All four compounds exhibited very strong anti-mildew bioactivities, particularly against A. niger, Cl. cladosporioides, Ch. globosum, and M. verrucaria . At a concentration of 100 μg/mL, the observed anti-mildew indices were between 82% to 100%. In particular, α-cadinol showed total inhibition of the four fungi; the IC 50 values of the four compounds are shown in Table 4 . Thus, anti-mildew activities of the four, in descending order, are α-cadinol, elemol, β-eudesmol, and τ-cadinol. Various studies showed that these compounds are highly active in suppressing microbial and fungal growth [3d,3e].
